DNase activities in different protein fractions of Frankia strain R43 were studied. The extracellular and the cell wall-associated fractions revealed the presence of exo-and endonucleolytic enzymes, but none was detected in the cytoplasmic fraction. The strongest DNase hydrolysis was found in the extracellular fraction, in which six DNases were detected by sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
Presently one of the most ambitious goals for substantially increasing knowledge of actinorhizal symbiosis is to develop transformation protocols to genetically manipulate Frankia strains. Although some efforts have been made, no successful and reproducible transformation systems in Frankia strains have been obtained to date (1, 3) . Several studies have reported a decrease in transformation efficiency in other bacteria caused by DNases (4, 6, 8, 9, 12) .
Although the reasons for the unsuccessful transformation of Frankia strains have not yet been clarified, a search for Frankia strains with low DNase activities may be a valuable key to getting strains that will be more susceptible in transformation procedures. Furthermore, a detailed characterization of DNase activities in the different compartments of Frankia cells, i.e., extracellular, cell wall associated, and cytoplasmic, can reveal where the main barriers to avoiding foreign DNA uptake are localized, and consequently hold data crucial for development of strategies to inactivate those DNases. In addition, studies of DNases can provide relevant information about the genetic stability of Frankia populations in soil, since they can avoid natural transformation or conjugation with other soil bacteria that share the same ecological niche.
This report describes the DNase activities in Frankia strain R43, taking into account the cellular localization, exo-and endohydrolytic activities, and DNase diversity assessed by renaturation sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
Frankia strain R43 (Frankia catalog no. LLR02022) cells were grown at 25°C under stirring conditions in BAP medium (5) .
DNase activity in the EC fraction. The extracellular protein (EC) fraction was obtained by ultrafiltration with Centricon-3 (Amicon) from 2 ml of cell-free medium collected during growth and filtered through a cellulose acetate membrane filter with a pore size of 0.20 m (minisart N; Sartorius, Germany). Desalting was achieved by three sequential washes with TE buffer (10 mM Tris-HCl [pH 7.4], 1 mM EDTA disodium salt). In the end, the concentrated fractions were filled with TE buffer up to 100 l and stored in Eppendorf tubes at Ϫ20°C. The secretion of both exo-and endonucleases was detected from the beginning of the exponential phase, since both DNA and pUC19 DNA were partially hydrolyzed when incubated with the EC fraction collected after 2 days of growth (Fig. 1) . The extent of degradation increased with culture age, since all of the DNA was hydrolyzed when incubated with the EC fraction obtained from 3-day-old culture. The pUC19 was completely degraded when incubated with the EC fraction concentrated from 5-day-old culture supernatant, suggesting that the extracellular DNase activities reached their maximum during the exponential phase. The DNase activities remained in the stationary phase, since the EC fraction from 7-day-old culture still caused total DNA and pUC19 hydrolysis.
Comparison of DNase activities among the EC, CW, and CP fractions. Cells from 2 ml of a 5-day-old culture were collected at room temperature in Eppendorf tubes and washed three times with 1 ml of TE buffer to remove traces of extracellular proteins, and then the bacteria were vigorously pipetted for 3 min in 100 l of TE buffer supplemented with 0.1% (vol/ vol) Triton X-100. The suspension was then centrifuged at 20,200 ϫ g for 5 min at 4°C, and the supernatant was collected as the cell wall-associated (CW) fraction. The pellet was immediately washed three times with 1 ml of TE buffer, to get rid of remaining cell wall-associated proteins, before it was resuspended in 100 l of cell extract buffer (100 mM Tris-HCl [pH 8.0], 5 mM EDTA disodium salt, 50 mM NaCl, 0.1% [vol/vol] Triton X-100). The cytoplasmic proteins (CP) were extracted by sonication with a tapered microtip operating at output 3 and 50% duty cycles for 30 s (Branson sonifier, model B-15). The suspension was centrifuged at 20,200 ϫ g for 5 min, and the supernatant was stored at Ϫ20°C.
In order to compare the DNase activities of the different fractions, 5 l of each extract was incubated with 0.5 g of DNA, 0.5 g of pUC19 plasmid DNA, and 0.5 g of Frankia strain R43 chromosomal DNA in 15 l of DNase buffer (10 mM Tris-HCl [pH 7.4], 10 mM MgCl 2 , 2 mM CaCl 2 ). Frankia strain R43 chromosomal DNA was obtained as described by Sellstedt et al. (11) . After a 2-h incubation at 37°C, 0.9% (wt/vol) agarose gel was used to compare the extension of DNA hydrolysis. It was clear that whatever the DNA substrate, the highest DNase activity was obtained with the EC fraction (Fig. 2) , which caused complete DNA digestion. The CW fraction hydrolyzed all DNA and Frankia strain R43 DNA, leaving a weak smear on the gel lane containing pUC19 plasmid DNA. Thus, exo-and endo-DNase actions were shown, although they were not as intense as those in the EC fraction. In the cytoplasmic protein (CP) fraction, only a faint degradation of DNA was observed irrespective of the DNA substrate (Fig. 2) ; however, this weak DNase activity is probably due to contamination with cell wall-associated DNases that might be tightly attached to the cell wall. Since exo-and endonucleases can have different buffer preferences, these combinations of NaCl (0, 50, and 100 mM) and Tris-HCl (10 and 50 mM [pH 7
.4]) were tested. Irrespective of the fraction analyzed, the highest DNase activity was observed with 10 mM Tris-HCl in the absence of NaCl, 10 mM MgCl 2 , and 2 mM CaCl 2 .
In order not to miss the detection of any DNases irrespective of their localization in the cell wall or in the cytoplasm, the CW and CP fractions were obtained from the same cells. Furthermore, proteolytic degradation of DNases is unlikely, since both the CW and the CP extracts were treated with phenylmethylsulfonyl fluoride as the proteinase inhibitor to a final concentration of 100 M. (10) . The gel matrix, 1 mm thick, was prepared according to the method described by Laemmli (7), with a 4% (wt/vol) acrylamide stacking gel and 10% (wt/vol) acrylamide in the separating gel. Before polymerization, 10 g of native DNA or 10 g of denatured DNA (Sigma; type XIV) was mixed per ml of gel solution in both stacking and running gels. The protein samples were prepared in a denaturation buffer without mercaptoethanol and without heating. The proteins in the gels were renatured by rinsing of the gels in sterile distilled water before incubation in 250 ml of a buffer solution containing 10 mM Tris-HCl (pH 7.4), 10 mM MgCl 2 , 0.02% (wt/vol) sodium azide, and 1 g of ethidium bromide per ml for 1 h at room temperature under gentle shaking. The gels were finally rinsed again in sterile distilled water and incubated in fresh buffer from 1 h to more than 96 h. To study the effect of Ca 2ϩ , the gels were incubated as before (i.e., for 2 h in buffer without calcium), after which they were transferred to fresh buffer supplemented with 2 mM CaCl 2 . Calcium was not added from the beginning of the incubation, since it precipitates in the presence of SDS. At different incubation times, the gels were observed in a UV transilluminator and photographed. buffer without calcium (Fig. 3A) . Clear nuclease activity was observed after 1 h of incubation, while after 2 h of incubation, the nuclease activity increased, and after 48 h extensive DNA hydrolysis was observed. The gels were checked for over 96 h, but no further changes were observed. On the gels that were incubated with buffers containing 2 mM CaCl 2 , the enzyme activities were much higher for all five of the nucleases detected, and 15 min of incubation was enough to observe intense DNase bands (Fig. 3B) . The DNA hydrolysis proceeded over time, and after 48 h of incubation, a sixth DNase band with a molecular mass of 48.0 kDa was observed (Fig. 3B) . This band only appeared in the gels incubated in the buffer containing calcium, suggesting an obligatory calcium dependency for activity. In both polyacrylamide gels containing native DNA (data not shown), irrespective of incubation with calcium, the DNase activities were fainter than the activities obtained with gels containing denatured DNA, indicating a higher hydrolysis of single-stranded DNA.
Identification of DNases by SDS-PAGE. The detection of DNases by SDS-PAGE was mainly based on the method of Rosenthal and Lacks
The high DNase activity of Frankia strain R43 shown by our results suggests that this strain hardly accepts either heterologous or homologous DNA for entry. Studies of the DNase activities of other Frankia strains will be important in order to understand if the diversity of Frankia strains geographically related or even isolated from the same host plant (2) can be correlated with genetic material captured from the rhizosphere or is instead mainly due to mutagenesis. We are grateful to Ulrika Mattsson for comments on the manuscript.
